II. DISCLAIMER
This Recommended Practice is based on sources and information believed to be reliable, but the AVS and the authors disclaim any warranty or liability based on, or relating to, the contents of the Recommended Practice.
The AVS does not endorse products, processes, manufacturers, and suppliers. Nothing in this article should be interpreted as implying such endorsement.
This document recommends the procedures for measuring and reporting the results of the most widely used methods of measuring outgassing rates, it does not consider all the available methods of measurement nor is it applicable to some special cases.
III. SCOPE
A set of uniform procedures for the reporting of outgassing data is recommended with the intention of establishing a consistent set of units, nomenclature, methods of data presentation, and certain experimental parameters, in order that outgassing data from different sources is consistently reported so as to be useful to all.
This document is an updated version of the AVS Standard 9.1 ͑1964͒ 1 with the addition of new material.
IV. UNITS AND CONVERSION FACTORS
The Systeme International system of units with Pascal ͑Pa͒ the unit of pressure, cubic meter (m 3 ) the unit of volume, kilogram ͑kg͒ the unit of mass, and second ͑s͒ the unit of time is preferred. However, for comparison with previously published outgassing data the pressure units Torr or millibar ͑mbar͒, liter ͑l͒, gram ͑g͒, minute ͑min͒, or hour ͑h͒ may be substituted. Temperature is preferably expressed in Kelvin ͑K͒, but degrees Celsius (°C) may be used.
Compound units should be written with a single slant bar or with negative exponents, negative exponents are preferred; All conversion factors are at 296 K. Conversion factors for rate of instantaneous mass loss to units of gas flow rate are given in Sec. VII E 2.
V. DEFINITIONS
The following definitions of various terms related to outgassing are recommended. The words total and average should be avoided, unless properly clarified or defined, owing to their multiple and ambiguous interpretations. For these and other definitions, see Glossary under the AVS Reference Guide which may be viewed by accessing the AVS website ͑www.avs.org͒ and following the links to Education/ References, Reference Guide, and Glossary.
A. Outgassing
Outgassing is the evolution of gas from a solid or liquid in a vacuum. The term outgassing should not be confused with degassing or desorption.
Outgassing 
B. Outgassing rate
The intrinsic outgassing rate of a solid or liquid is the quantity of gas leaving per unit time per unit of exposed geometric surface, or per unit mass of the sample, at a specified time after the start of evacuation.
The geometric surface area is the visible surface area without correction for surface roughness, machine finish, or open surface porosity.
The measured (or net) outgassing rate is the difference between the intrinsic outgassing rate and the rate of readsorption on the surfaces in the test chamber.
The readsorption rate depends on the measurement method being used ͑see Sec. VII͒, and the surface area and surface properties of the test chamber ͑for a more detailed discussion of these dependencies see Ref. 2͒. As discussed later in Sec. VII on measurement methods, the measured outgassing rate is nearly equal to the intrinsic rate for some methods under certain conditions ͑i.e., the readsorption rate is zero͒. In this document the term ''outgassing rate'' should be taken to mean ''measured outgassing rate'' unless otherwise stated.
For most materials the outgassing rate is proportional to the exposed superficial surface area, but for some materials the outgassing rate may also depend on the thickness or bulk. The experimenter has the choice of presenting the experimental data in
Unless otherwise stated, these units are referred to a standard temperature of 296Ϯ3 K. Method ͑a͒ is preferred, if method ͑b͒ is used the experimenter should provide the data to indicate that the rate does indeed depend on the mass of the sample. Unless otherwise stated, outgassing rate refers to the summation of all gases being given off. Reference to the outgassing rate of a specific gas type is made by identifying the gas.
If systems rather than materials are measured, where neither the surface nor the mass can be well defined, the outgassing rate data may be presented in Torr l s Ϫ1 or Pa m 3 s Ϫ1 . When reporting the gross outgassing of a system ͑or component͒, an identifying adjective should be added.
Example 1: ''The chamber outgassing rate was x Pa m 3 s Ϫ1 after y hours of pumping.'' Example 2: ''The chamber outgassing rate for hydrogen...''
C. Evolved gas quantity
Evolved gas quantity is the quantity of gas given off by a material between two stated times.
If only a single time is given, it is assumed that the measurement runs from time zero, which is clarified in Sec. VI D 5. Quantity of gas is usually expressed in pressurevolume units at standard room temperature (296Ϯ3 K) but may be expressed in terms of number of molecules or mass units. Unless otherwise stated, evolved gas quantity refers to the summation of all gas types evolved. Reference to a specific gas type may be made by inclusion of the identifying gas.
VI. DATA PRESENTATION
Outgassing information may be presented in either graphical or tabular form, or a combination of the two ͑see Secs. VI A and VI B͒. It is helpful to provide curve fits to the data, the accuracy of the curve fits should be reported.
Selection should be made on the basis of clarity of presentation. In addition, each data sheet should include sufficient identifying information on the sample and the apparatus to make reference to the text unnecessary. A complete description of the sample, sample history, apparatus, and all other pertinent information should be reported ͑see Secs. VI C and IV D͒.
A. Graphical presentations
Any of the outgassing information identified in Secs. V B and V C may be presented graphically as a function of time.
In all cases, the outgassing data ͑either the outgassing rate or the evolved gas quantity͒ should be plotted on the y axis ͑ordinate͒ and the time plotted on the x axis ͑abscissa͒ in seconds, minutes, or hours, whichever is the most appropriate. Both axes should be clearly labeled including the units of measurement.
The preferred presentation is a log-log plot; however, for certain types of processes, or for clarity, a linear plot, or a log outgassing/linear time plot, may be used.
The number of curves per figure should be restricted to avoid multiple-curve crossing or confusion and each curve should be unambiguously labeled. When presenting outgassing data on materials that have been tested in a system, it is advisable to present an outgassing curve of the empty system under similar test conditions. Pertinent information on the sample and the test apparatus should be given on the data sheet.
B. Tabular presentations
Any of the outgassing information identified in Secs. V B and V C may be presented as a function of time in tabular form. In addition, such data selected at a common time may be cross referenced, in tabular form, against other identifying factors such as material type, area, pumping speed, etc.
For uniformity and rapid comparison, it is recommended that the outgassing rate at pumping times of one, four, and ten time units be included among the data points. Since in general for the first 10 h outgassing rate tends to be inversely proportional to a constant power of the pumping time, data reported at these times allows an estimate to be made of the time exponent. When tabular data are based on available log-log graphic plots, the absolute value of the slope of the outgassing rate versus pumping time curve at one, four and ten time units should be included; this corresponds to the negative of the exponent of pumping time in the expression qϭkt Ϫn , where k is a constant. Where appropriate, the tabular data should include the outgassing information for the empty system.
C. Sample
A complete description of the sample, including identification, geometry, mass and history should be given ͑see the Appendix͒.
The sample should be completely identified by manufacturer, code or trade number, composition, age, or other factors that would be required for duplication of the same material.
A description of the size, shape, exposed surface area, density and, where applicable, the mass and open porosity of each sample should be supplied. In particular, a quantitative description of the surface roughness and finish is desirable.
The pertinent history of the sample prior to the test should be supplied in full detail. This history should contain the following information: age, storage conditions ͑temperature, time, humidity, environment͒, cleaning or chemical processing, handling and prior outgassing history.
D. Apparatus
In describing the apparatus used in an outgassing experiment, all information should be supplied that is required for duplication of the experimental results, not nonessential details of the apparatus. The exact information required will vary with the nature of the test. The following terms are suggested and should be included whenever they are pertinent.
System pumping speed
The reported vacuum pumping speed at the sample should be the summation of all pumping effects known to exist at the time of the experiment. Since some pumping effects are difficult to estimate, especially when the composition of the evolved gases is not known, it is incumbent on the experimenter to supply adequate descriptive information for duplication of the test results. Changes in the pumping speed during the experiment or during initial exhaust should likewise be reported in detail. If the pumping speed is limited by an orifice in a thin plate or an iris mechanism, the conductance of the orifice at room temperature should be measured or calculated by Monte Carlo methods or view factor analysis for a given gas species, such as nitrogen. If the orifice conductance is less than 10 l/s, the pumping effect in any vacuum gauge used should be considered. It is recommended that a capacitance manometer, spinning rotor gauge, or other nonpumping gauge be used whenever possible.
If the composition of the gas evolved from the samples tested is not known, the net pumping speed of the system for nitrogen at the prevailing temperature should be reported, and the gauge-calibration factor for nitrogen used. In this case, the outgassing rate is reported as being on a ''nitrogenequivalent'' basis. Rates determined by the throughput method ͑see Sec. VII A͒ on a nitrogen-equivalent basis will not, in general, be directly comparable with rates determined by the gas accumulation method ͑also known as the rate of rise method͒ using the nitrogen-gauge factor because of the variation of pumping speed with gas composition. If the gauge calibration factor for a specific gas, such as hydrogen, has been determined, this factor should only be used when a residual gas analyzer ͑RGA͒ indicates that this is the predominant gas, and the calibration factor should be reported.
Background outgassing rate
In those experiments involving a sample material in a test chamber, the background outgassing rate must be small ͑less than about 5%͒ relative to the sample outgassing rate. Information substantiating this should be supplied and may include comparative pressure-time data, or comparative gas accumulation data, with the empty system and with the sample in place. In addition, the ultimate pressure of the empty system at the test conditions should be reported. Background measurements should be made at the same temperature, or temperature cycle, as sample measurements.
Pressure measurement
A complete description of the pressure-measuring equipment must be supplied. This should include sensitivity, calibration, location, method of connection, and other descriptive factors. If the gauge has been calibrated for a specific gas type ͑e.g., nitrogen or hydrogen͒, the outgassing data should be reported as equivalent nitrogen ͑or hydrogen͒ outgassing data. Wherever possible, the outgassing data should be supplemented by partial-pressure measurements. If the partial-pressure data are the basic information, they should be converted to outgassing data. If the partial pressures are supplementary, they may be reported either as partial pressures or as composition, partial pressures being preferred. In either event, the time at which the data were taken should be clearly indicated.
Temperature measurement
In all instances, the temperature at which the test is conducted should be stated and the method of measurement indicated. If any factors change the sample temperature, the variations in temperature with time should be indicated. Care should be taken that the temperature-measuring equipment does not influence the sample outgassing. If the wall temperature of the test chamber is different from the sample, it should be noted.
Time measurement and pump-down schedule
The time of pumping is to be computed from the initial time ͑time zero͒ at which the roughing pump has reduced the pressure in the sample chamber below 1 Pa (7.5 ϫ10 Ϫ3 Torr), which is a pressure that can usually be read by vacuum gauges employed in the apparatus for measuring outgassing rate. While outgassing may begin at higher pressures, the time interval between the beginning of evacuation and evacuation to 1 Pa is normally small compared to the time for a significant reduction in outgassing rate. In order to limit variations in reported outgassing data caused by variations in the pump-down schedule and in order to simulate conditions in the pump down of typical vacuum systems, the sample area, chamber volume, and roughing pump should be so chosen that the time of evacuation to 1 Pa is between 10 and 1000 s. The time to reach 1 Pa should be reported. If the roughing time is longer than 1000 s, then a bypass line of larger conductance may be used to keep the time of evacuation to 1 Pa less than 1000 s ͑see Fig. 1͒ . The temperature of a sample with high moisture or solvent content may be lowered by rapid evaporation occurring during the initial exhaust period. For elastomers and plastics the initial evacuation may involve the loss by evaporation of plasticizers. The outgassing of dissolved air and water vapor involves diffusion in the pores of the material, and the outgassing rate will depend on prior evacuation cycles and exposure to the atmosphere before pump down. Details of the prior treatment should be reported.
The time zero for the measurement of outgassing of water vapor from metal surfaces should be taken as the time at which the pressure during rough pumping has fallen to 1 Pa.
The fraction of surface sites occupied initially will depend on the time of exposure to atmosphere of a definite humidity. The details of the prior exposure before the pump down for outgassing rate measurement should be reported. The value chosen for zero time is relatively unimportant since the physically adsorbed water molecules are almost all removed in the first few minutes of pumping while the chemisorbed water molecules are desorbed at a relatively slow rate. When the pressure is about 1 Pa, the pumping can be switched over to a high-vacuum pump already in operation and any bypass should be closed; the pump down can then be continued according to the standard schedule here prescribed.
Miscellaneous factors
The experimenter should report all other factors that are important to the experiment or critical in terms of duplicating the test results. Such factors may include sample suspension, system materials, geometry of the sample chamber, etc.
VII. MEASUREMENT METHODS
Several methods in current use are described in this section, but it should be recognized that no one method is suitable for obtaining all outgassing data. The experimenter must choose the most suitable method for his particular application.
A. Throughput method
A schematic diagram of the system for measurements by the throughput method is shown in Fig. 1 ; see Ref. 3 for a general review When a high-vacuum chamber is connected to a pumping system by an orifice or tube of conductance C and the pressure in the chamber is large relative to the ultimate pressure of the pumping system ( P 1 ӷ P 2 ), the net pumping speed in the chamber for a given gas will be relatively independent of pressure and of variations in the speed of the pumps. While the net pumping speed will be different for the various components in a gas mixture under molecular flow conditions, the throughput of each gas species leaving the chamber at any instant can be determined by measuring the partial pressure of the gas in the chamber and multiplying by the net pumping speed for that gas ͓see Eqs. ͑1a͒ and ͑1b͒ in Sec. VII A 2͔. The net pumping speed may be computed from conductance formulas, calculated by Monte Carlo methods or view factor analysis, or measured.
A quantity called the ''nitrogen equivalent throughput'' can be monitored by measuring the pressure with a gauge using the calibration factor for nitrogen. If the net pumping speed is sufficiently large, the gas originally filling the free space in the chamber can be quickly removed and the throughput will become a function only of the outgassing rate of the chamber and sample therein ͑provided that leaks, and outgassing or pumping in the gauges, are insignificant͒. The outgassing rate of the chamber can then be measured as a function of time until the pressure begins to approach the ultimate pressure of the pumping system.
Apparatus and procedure
The orifice should be large enough so that the net speed is at least ten times the pumping speed of the gauge if the latter has an appreciable pumping action for the gases liberated by the sample ͑e.g., an ionization gauge͒. If the test chamber is constructed of the material to be tested, then the outgassing rate for this material under the given test conditions can be obtained by dividing the product of net pumping speed and measured pressure by the superficial surface area of the chamber. By varying the size of the chamber, or the orifice limiting the net pumping speed, the variation of outgassing rate as a function of the ratio of pumping speed to exposed superficial area can be determined. This is particularly important for measurement of the outgassing rate of metals where the readsorption rate of water vapor from the gas phase can affect the measured outgassing rate. Intermittent readings can be taken with the net pumping speed varied by means of suitable valves with low outgassing rate, but the net pumping speed ͑for a given gas͒ should be held constant for at least 90% of the total time. For certain other classes of materials such as elastomers ͑except silicones͒, the size of the sample can be varied over wide limits with respect to the net pumping speed without changing the measured outgassing rate because the readsorption rate is limited by the small value of the porosity of the exposed surface. However, the sample size, net speed, and other experimental details, as specified in Sec. III, should always be stated when reporting outgassing data of materials.
If the chamber is constructed of a material having a relatively low outgassing rate when properly cleaned or conditioned, then the outgassing rate for other materials can be determined by suspending or supporting a sample of the material in the chamber not too close to the wall and recording the pressure as a function of time. If the background outgassing of the chamber is not negligible, then care must be taken that the background be a reproducible function of time after exposure to the conditions prevailing during the introduction of a new sample. The outgassing of the empty chamber as a function of time must then be subtracted from the total outgassing in order to compute the net outgassing rate due to the sample. The outgassing rate of the sample under the test conditions is then obtained by dividing the product of net pumping speed and pressure by the superficial sample area or initial mass as required.
Outgassing rate
For the throughput method the outgassing rate per unit area is given by
͑1͒
The outgassing per unit mass is
where P 1 is the pressure in the test chamber, P 2 the pressure at the pump side of the orifice, see Fig. 1 ͑Pa, Torr, mbar͒; C the conductance of the orifice ͑Pa m 3 s Ϫ1 , Torr l s Ϫ1 , mbar l s Ϫ1 ͒; A the geometric surface area of the sample (m 2 , cm 2 ); M the mass of the sample ͑kg, g͒. When the pressure on the pump side of the orifice P 2 is very small compared with chamber pressure P 1 then Eqs. ͑1͒ and ͑2͒ become
Calculation of evolved gas quantity
The evolved gas quantity in the throughput method of outgassing rate measurement can be obtained by integrating the measured outgassing rate as a function of time over the desired time interval. Integration may be achieved by electronic methods in a data acquisition system or by graphical methods. A continuous record of data is preferable in order to observe gas bursts. The method of integration used should be reported.
B. Conductance modulation method
The conductance modulation method 4 -6 is a variant of the throughput method where the conductance of the pumping orifice is modulated. The known conductance of the orifice is modulated by ͑a͒ changing the opening of an iris diaphragm, ͑b͒ exposing orifices of different size in a rotary disk, or ͑c͒ by changing the separation of a circular plunger from a large circular opening in an annular disk; the latter method is outlined schematically in Fig. 2 . The outgassing rate from the test chamber can be found by measuring the pressures in the test chamber ͑P 1 and P 2 ͒ when the conductance is changed from C 1 to C 2 by moving the plunger from position 1 to position 2. When there is a sample in the test chamber the outgassing rate of the empty chamber must first be measured and then subtracted from the rate measured with the sample in place.
Apparatus
The apparatus is similar to that for the throughput method except that only one gauge is necessary and the orifice is capable of being changed between two values of conductance. The values of the two conductances C 1 and C 2 may be calculated by Monte Carlo methods or view factor analysis, or may be measured by the use of a calibrated leak.
Outgassing rate
The outgassing rate is per unit area is given by
where P 1 and P 2 are the pressures in the test chamber and S 1 and S 2 are the effective pumping speeds of the orifice when the plunger is in positions 1 and 2, respectively; A is the surface area of the test chamber, and P p is the pressure in the pump chamber. Now
where S p is the pumping speed of the pump. Then, provided that P p remains unchanged on moving the plunger, the outgassing rate per unit area is given by
where A is the geometric surface area (m 2 , cm 2 ).
The outgassing rate per unit mass is
where M is the mass of the sample ͑kg, g͒. If the outgassing rate q is a function of the net pumping speed (S 1 , S 2 ) then this method will give incorrect results.
Calculation of evolved gas quantity
See Sec. VII A 3.
C. Two-path method
The two-path method is another variant of the throughput method and is particularly suitable for the measurement of very low outgassing rates. The two-path method is described in Ref. 7 . It also has the advantage that the x-ray limit and outgassing rate of the gauge are canceled out by the difference method used. The outgassing rate of the test chamber is determined from the difference in outgassing rates, measured by the throughput method, when the gas flow is switched between two paths. A schematic diagram of the measurement system for the two-path method is shown in Fig. 3 . During the measurement the test chamber is pumped through one of the two pumping paths by opening valve V a or V b .
Apparatus and procedure
The determination of small outgassing rates by the twopath method depends on the measurement of a small difference in the outgassing rate between two paths, thus it is important that the outgassing rate of that part of the apparatus outside the test chamber be as low as possible. This requires thorough degassing of the system outside the test chamber.
The valves V a and V b must be of all-metal construction with no elastomer seals and should be thoroughly degassed. The measured outgassing rate of the test chamber includes a contribution q p from the pipes connecting the test chamber to the valves V a and V b , thus these pipes should be kept as short as possible. The q p can be measured by the two-path method with a blank flange in place of the test chamber, the value of q p may then be subtracted from the measured outgassing rate to obtain the outgassing rate of the test chamber alone. The correction for the outgassing rate q p should be reported.
When measuring the outgassing rate of a sample placed in the test chamber, the outgassing rate of the test chamber without the sample and the pipes connecting it to V a and V b must first be determined and then subtracted from the rate measured with the sample in place.
Although the two-path method only needs one vacuum gauge G 1 , another gauge G 2 may be placed below the orifice to compare the results of the two-path method with the conventional throughput method.
Outgassing rate
When the outgassing rate q of the test chamber is measured by the conventional throughput method the outgassing rate per unit area is given by
where P 1 and P 2 are the pressures measured by the gauges G 1 and G 2 , respectively, when the valve V a is open and V b closed; C is the conductance of the orifice; A is the geometric surface area of the test chamber ͑see Fig. 3͒ . When the outgassing rate is measured by the two-path method one of the two pumping paths is selected by opening one of the valves V a or V b ; then the corresponding measured outgassing rates are q a and q b . The outgassing rate of the test chamber is given by the difference of the two measured outgassing rates, i.e., qϭq a Ϫq b . P 2 remains constant during the measurements because P 2 is determined by the total gas flow rate of the system (QϩQ a ϩQ b ) and the pumping speed of the pumps, i.e., P 2a ϭ P 2b ; thus the outgassing rate per unit area of the test chamber is given by
where C is the orifice conductance ͑Pa m 3 s Ϫ1 , Torr l s Ϫ1 , mbar l s Ϫ1 ͒; M is the mass of the sample kg, g͒; A is the geometric surface area ͑m 2 , cm 2 ͒. The pressures P 1a and P 1b are measured by the same gauge G 1 so that the residual current of the gauge ͑x-ray and electron stimulated desorption effects͒ is canceled in the term ( P 1a Ϫ P 1b ). The pressure increase due to outgassing from the gauge is also canceled.
The two-path method can be used to measure very low outgassing rates, for example, with an orifice conductance of 6ϫ10 Ϫ3 m 3 s Ϫ1 the lowest outgassing rate measurable by the two-path method has been shown to be less than 10 Ϫ11 Pa m s Ϫ1 ; this is a factor of about 100 less than that of the conventional throughput method. 
Calculation of evolved gas quantity
D. Gas accumulation method
The gas accumulation method 8 is also known as the rateof-rise method. When a test chamber during evacuation at a constant temperature is suddenly isolated from the pumps, the pressure within the system will begin to rise. The rate of pressure rise will be highest at the instant of isolation and may gradually decrease to zero when the outgassing rate and surface readsorption rate balance each other. The outgassing rate of the material in the system at the time of isolation will usually be proportional to this initial, instantaneous rate of rise of pressure. Pump down may then be continued by opening the valve to the pumps before the pressure has increased significantly ͑e.g., an increase of less than a factor of about 3͒. This cycle is repeated at suitable intervals in order to obtain sufficient data to plot outgassing rate as a function of pump down time. During this cycling, for some materials, the effect of sorption on the sample and/or the system may influence the results, especially for the outgassing of water.
When very small outgassing rates are to be measured the test chamber may be pumped to its ultimate pressure before the isolation valve is closed and the rate of pressure rise measured. When the pressure increases linearly with time over a long period ͑as has been observed for hydrogen outgassing from stainless steel͒ the outgassing rate is constant and the readsorption is zero. In this case the measured outgassing rate equals the intrinsic rate ͑see Sec. V B͒.
Apparatus and procedure
A test chamber built from the material to be tested or designed to contain the sample is attached to a pumping system through a valve that can be closed quickly to isolate the test chamber. A vacuum gauge or residual gas analyzer attached to the chamber measures the pressure-rise data. If a sample is placed in the test chamber the outgassing rate of the test chamber must first be measured and then subtracted from the rate measured with the sample in the chamber.
The isolation valve must be an all-metal valve with no elastomers and must be well degassed so that any gas burst on closing the valve is minimized.
The pumping action of an ionization gauge or residual gas analyzer will cause errors in the measurements, and can generate gases not otherwise present 9 ͑e.g., CO, CO 2 , CH 4 ͒, thus these gauges should not be used. A nonpumping gauge, such as a spinning rotor gauge or capacitance diaphragm gauge, is preferred. If a hot-cathode ionization gauge is used the electron current should be reduced to the practical minimum and a low work-function filament used to reduce the filament temperature ͑e.g., thoria coated͒, in order to minimize the gauge pumping speed. This is particularly important when measuring the pressure rise for a long time.
Outgassing rate
In the gas accumulation method the outgassing rate is calculated from the following equations:
͑11͒
where (dP/dt) tϭ0 is the initial rate of pressure rise on isolation from the pumps ͑Pa s Ϫ1 , Torr s Ϫ1 , mbar s Ϫ1 ͒; V is the volume of test chamber (m 3 ,l); A is the geometric surface area of the sample (m 2 ,cm 2 ); M is the mass of the sample ͑kg, g͒.
Calculation of evolved gas quantity
Three different methods may be considered.
͑a͒ The test chamber is pumped to its ultimate pressure and then isolated from the pumps at time zero. The evolved gas quantity during the pressure rise at time t is given by the product of pressure at time t and the volume of the test chamber, i.e., p(t)V ͑Pa m 3 , Torr l, mbar l͒. ͑b͒ The test chamber is isolated from the pumps, the pressure allowed to rise sufficiently to establish (dP/dt) tϭ0 , and the pump down continued; this process is repeated at suitable intervals. The evolved gas quantity during the pump down is determined by integrating the outgassing rate plotted as a function of time over the desired period. Integration may be achieved by electronic methods in a data acquisition system or by graphical methods. The method of integration used should be reported. ͑c͒ The test chamber is isolated from the pumps and the gas periodically sampled by removing a suitable portion for measurement, preferably by a RGA.
E. Mass-loss measurements
The obtaining of outgassing data by mass-loss measurements 10 ͑often referred to as weight-loss measurements͒ involves the measuring of the loss in mass of a material over a specific time interval as noted in Sec. VI B, and at the recommended temperature. Continuous recording is preferred as the results give instantaneous rate measurements.
Apparatus
Particular attention should be given to Sec. VI D and its requirements should be fulfilled. The mass-loss measurements are made by using a continuous or intermittent type of mass evaluation of the sample while under continuous exposure to vacuum. This is necessary because intermittent air weighings expose the sample to possible moisture sorption and handling contamination. When vacuum microbalances are employed, care must be taken to evaluate thermal transpiration effects.
For the mass-measuring device, accuracy should be Ϯ0.05% of sample mass, so that mass-loss figures are known to be at least Ϯ0.1%.
Conversion of rate of mass-loss to gas flow units
The general equation relating gas flux or flow rate to instantaneous mass loss is
where Q is the gas flux or flow rate; dM /dt is the instantaneous rate of mass loss (g s Ϫ1 ); R is the gas constant ϭ8. When the average molecular weight is not known, M m ϭ28 g should be used and outgassing data reported as being on a nitrogen equivalent basis. The mass loss as measured should also be reported. If a residual gas analyzer is available, then the average molecular weight can be determined.
The elapsed time should be reported according to Secs. V C and VI D 5.
